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ABSTRACT 


^'The  unlmolecular  decomposition  of  methylphenyl  ether  (anlsole)  was  studied  In 

Incident  shock  waves  covering  the  temperature  range  from  1000  to  1580  K  and  the 

.1-  • 

pressure  range  from  0.4  to  0.9  atm.  The,  CO  formed  In  the  reaction,  monitored  by 
resonance  absorption  using  a  stabilized  cw  CO  laser,  could  be  satisfactorily 
accounted  for  by  a  four-reaction  mechanism: 


CgH50CH3  /■  >  CgH^O  +  CH^ 

CgH^O  -f - >  CO  +  c'^H'g 

CH^  +  CgH^O  4'  >  o-  and  p-CH3CgH40H 


CH^  +  CH3 


^2%  ■ 


Kinetic  modeling  of  observed  CO  production  profiles  based  on  the  above  mechanism 
with  70  sets  of  data  led  to 


k^  ^  (1.2  ±  0.3)  X  10^^  exp(-33,100/T)  sec"\ 

exp(-22,100  +  450/T)  sec"\ 
k-^  =  (5.5  ±  2.0)  X  10^^  cc.mole“\sec”\ 


The  relatively  low  A-factor  and  activation  energy  measured  for  the  phenoxy  radical 
decomposition  reaction  supports  the  following  mechanism  involving  a  tight; 


intermediate : 
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INTRODUCTION 


V  There  is  Increasing  tendency  in  future  fuels  to  have  higher  aromatic  contents 


because  paurtly  of  the  change  In  fuel  sources  (such  as  coals  and  shale  oils)  and 


partly  of  the  greater  use  of  aromatic  compounds  as  additives  due  to  their  high  octane 


values 


The  chemistry  of  the  oxidation  of  aromatic  compounds  at  combustion  temperatures 


^  '  ' 

(T  >  1500  K)  is  very  complex  and  poorly  understood  .  The  present, study  is  part  of 


a  aeries  of  experiments  being  carried  out  at  NRL  to  elucidate  the  oxidation  mechanism 


of  CgHg,  the  moat  importauit  benchmark  system  for  the  aromatic  compounds.'  Recent 


studies  of  CgHg  oxidation  at  high  temperatures  have  indicated  that  CgH^OH  is  the  most 
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Important  early  stage  oxidation  product  .  In  view  of  its  known  weak  0-H  bond  ,  the 


CgH^OH  generated  in  the  early  oxidation  process  is  expected  to  produce  CgH^O  very 


readily  either  unlmolecularly  or  bimolecularly  via  reactions  with  atomic  and  radical 


species  .  Additionally,  may  also  be  generated  by  the  reaction  of  CgHg  with  0 
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atoms  ; 


°  -  '=6“6 


CgH^O  +  H 


CgH^OH  +  h;^, 


where  stands  for  the  vibronically  excited  phenol  or  its  precursor  intermediate. 


We  have  previously  reported  the  observation  of  UV  emission  near  250  nm  in  CgHg 


oxidation  above  1700  K,  which  was  attributed  to  the  state  of  CgH^OH  formed  by  the 


above  reaction.  The  understanding  of  the  kinetics  and  mechanism  of  the  C,H-0  radical 
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reaction  at  high  temperatures  is  therefore  one  of  the  major  steps  toward  our  ultimate 


goal  of  elucidating  the  complex  oxidation  chemistry. 


At  high  temperatures,  the  CgH^O  radical  undergoes  primarily  the  unimolecular 
Q  10 

decomposition  reaction^’ 

- >  CO  +  C5H5 

aH®  =  20  kcal/mole 

The  rate  constant  for  this  reaction  has  not  been  accurately  determined.  Colussi  et 
al.  have  estimated  a  value  of  10  +  5  sec'^  at  1000  K  from  their  study  of  the 

Q 

allylphenyl  ether  decomposition  reaction  in  a  VLPP  reactor  .  In  a  study  recently 
carried  out  in  this  laboratory,  we  have  employed  a  cw  CO  laser  to  monitor  its 
decomposition  kinetics  using  methylphenyl  ether  (anisole)  as  a  source  of  the  CgH^O 
radical  above  1000  K.  Our  preliminary  results  for  the  unimolecular  decomposition  of 
CgH^O  evaluated  on  the  basis  of  the  following  two-step  mechanism, 

CgH50CH3  - >  C5H5O  +  CH3 

CgH^O  - >  CO  +  C5H5 

have  been  reported  elsewhere  recently^. 

In  this  article,  we  analyze  in  detail  the  mechanism  of  anisole  decomposition  and 
the  effects  of  secondary  reactions  on  the  kinetics  of  the  phenoxy  radical 
decomposition  process.  Additionally,  we  have  carried  out  a  few  experiments  using 
allylphenyl  ether  as  the  radical  precursor  to  corroborate  the  measured  data. 


EXPERIMENTAL 


The  shock  tube-CO  laser  probing  apparatus  Is  the  same  as  that  used  In  previous 
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experiments  carried  out  In  this  laboratory  '  .  In  this  work,  several  highly 

diluted  mixtures  of  anlsole  and  allylphenyl  ether  were  heated  with  Incident  shock 

waves.  The  CO  formed  In  the  decomposition  reaction  was  detected  with  the  1 - >  0 

P(10)  transition  of  the  CO  laser.  A  detailed  description  of  the  use  of  stabilized  cw 

CO  lasers  to  measure  absolute  concentrations  of  various  key  combustion  products,  such 
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as  CO,  NO  and  H2O  has  been  given  recently  by  Hsu  aind  Lin 

Anlsole  and  allylphenyl  ether,  both  obtained  from  Aldrich  Chemical  Co.,  were 
purified  by  trap-to-trap  distillation  prior  to  use,  Ar  (Matheson  Gas  Products, 

99.995  %  pure)  was  used  directly  to  prepare  various  mixtures. 


RESULTS 

Approximate  Evaluation  of  k^  and  k2 

Incident  shock  experiments  were  carried  out  in  the  temperature  range  from  1000 
to  1580  K  and  the  pressure  range  from  0.4  to  0.9  atm  for  six  mixtures  of  anisole 
(0.108,  0.264,  0.519,  0.524,  0.749  and  0.758  %  in  Ar)  and  one  mixture  of  allylphenyl 
ether  (0.366  %  in  Ar). 

A  typical  CO  absorption  trace  is  shown  in  Fig.  1.  The  absorption  data  were 
converted  into  CO  concentration-time  profiles  using  the  calibration  method  described 
previously^ ^ Typical  relative  CO  production  profiles  are  shown  in  Fig.  2.  We 
have  previously  analyzed  these  CO  formation  rates  during  the  early  stage  of 
decomposition  according  to  the  following  two-step  mechanism^  as  alluded  to  earlier: 


C6H50CH3 


CgH^O  +  CH^ 


(1) 


CgH50  - »  CO  +  C5H3 


(2) 


On  the  basis  of  this  simple  scheme,  the  rate  constants  for  CO  formation,  can  be 
evaluated  from  the  slopes  of  ln(1  -  [C0]j./[a]q)  vs.  t  plots  at  longer  times  according 
to  the  equations. 


[CO]^ 


[aIq 

and  at  T  >  1200  K, 
[CO]^ 

1  -  - 

[AJo 


k 


1 


exp(-k2t) 


k^  -  k2 


k 


1 


exp(-k2t) 


ki  -  k- 


•exp(-k^t) 


k^  -k2 


(I) 


(ID 


The  approximation  given  by  eq.  (II)  Is  valid  because  reaction  (1)  Is  much  faster  than 
(2)  above  1200  K  as  we  have  discussed  before^.  In  the  above  equations,  [A]q  is  the 
Initial  concentration  of  anlsole  used.  Figure  3  shows  different  plots  of  eq.  (I)  for 
the  same  sets  of  data  presented  in  Fig.  2.  The  slopes  of  the  linear  portions  of 
these  plots  at  longer  reaction  times  should  give  the  values  of  k2  according  to 
eq.  (II),  if  the  system  is  free  from  any  secondary  reactions  which  may  effectively 
alter  the  concentration  of  the  radical.  As  will  be  discussed  later,  this 

assumption  is  only  partially  valid,  particularly  at  lower  temperatures  (T  <  1200  K), 
because  of  the  possible  occurrence  of  the  CH^  +  C3H3O  reaction.  The  presence  of  this 
competing  process  is  expected  to  lower  the  CO  yields  as  manifested  by  the  deficiency 
In  the  limiting  values  of  CO  mass  balance  shown  in  Fig.  2  (l.e.  [CO]^^^/[A]o  <  D. 
Further  discussion  on  this  problem  will  be  made  below. 


The  values  of  the  rate  constants  evaluated  from  the  slopes  of  the  linear 
portions  of  the  plots  shown  In  Fig.  3,  denoted  by  k2',  are  summarized  in  Figure  4  as 
well  as  in  Table  I  together  with  other  kinetic  data.  A  least-squares  analysis  of 
these  k2'  values  gave  rise  to  the  apparent  rate  constant  expression: 

k2'  =  ^  exp(-23,900  +  450/T)  sec"’.  (HI) 

This  Arrhenius  expression  agrees  very  well  with  our  preliminary  results  obtained  from 

three  sets  of  experiments  (k2'  =  ^  exp(-24,000  +  690/T)  sec  )  .  It 

should  be  mentioned  that  the  rate  constants  given  in  Fig.  4  for  temperatures  above 

1200  K  have  been  corrected  for  minor  pressure  dependence  by  means  of  the  RRKM  theory 
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using  the  weak  collision  assumption 

According  to  eq.  (I),  the  values  of  k^  at  low  temperatures  (T  <  1200  K)  can  be 
estimated  from  the  intercepts  of  the  In  (1  -  [C0]^/[A]q)  vs.  t  plots  (see  Fig.  3). 
Because  of  the  approximate  nature  of  the  mecheuilsm  assumed  and  the  narrow  (200  K) 
temperature  range  available  for  k^  evaluation,  an  accurate  determination  of  the 
Arrhenius  parameters  for  anlsole  decomposition  (which  is  not  available  in  the 
literature)  is  not  possible.  However,  these  approximate  rate  constants  are  useful  as 
starting  values  for  modeling  CO  formation  profiles  in  the  very  early  stage  of  anisole 
decomposition  at  low  temperatures.  The  values  of  k^  summarized  in  Table  II  for  24 
sets  of  data  have  been  slightly  adjusted  to  fit  exactly  the  observed  early  CO 
profiles.  From  these  rate  constants  we  can  evaluate  the  frequency  factor  using  the 
Arrhenius  equation:  A^  =  k^ /exp(-E^/RT) ;  where  +  RT  =  65.8  kcal/mole, 

taking  -  63.8  kcal/mole^.  The  average  of  the  24  A^-values  summarized  in  Table 

II  gave  rise  to  A^  =  (1.2  ±  0.3)  x  1o’^  sec"’.  At  1000  K,  the  value  of  k^  =  50  sec"’ 
estimated  by  k^  =  1.2  x  1o’^  exp(-65,800/RT)  sec"’  can  be  compared  with  that  for  the 
decomposition  of  ethylphenyl  ether  in  the  high-pressure  limit  determined  by  Colussl 
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Evaluation  of  k2  and  by  Kinetic  Modeling 

The  deficiency  in  CO  mass  balance  mentioned  before  is  believed  to  result  from 
the  CH^  +  CgH^O  reaction  which  can  competitively  remove  the  phenoxy  radical.  This 
reaction  has  been  previously  shown  to  form  o-  and  p-cresols  via 
methylcyclohexadienones  by  Mulcahy  and  Williams 

CHj  »  C5H5O 


The  occurrence  of  this  reaction  can  account  for  the  formation  of  cresols  in  the 
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pyrolysis  of  anlsole  at  lower  temperatures  '  .  The  above  combination  mechanism  is 

quite  reasonable  in  view  of  the  possible  existence  of  the  following  resonance 
structures 

0  g 

O'^O 


H  CH^ 

o-  and  p-CH,CgH^OH 


The  cresols  thus  formed  are  thermochemlcally  much  more  stable  than  anisole  and  the 
phenoxy  radical.  Accordingly,  their  formation  depletes  the  yield  of  CO,  leading  to 
the  apparent  loss  of  CO  and  thus  the  deviation  from  linearity  in  the  In  ( 1  - 
[CO]^/[A]q)  vs.  t  plots  as  shown  in  Fig.  3. 
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C6H30CH3  — 

CgHgO  ^ 

CH3 

(1) 

CgH^O  - > 

CO  +  C3H3 

(2) 

CH3  +  CgH^O 

- >  0-  fc 

p-CH3CgH^0H 

(3) 

CH3  +  CH3  — 

C^Hg 

(4) 

The  modeling  could  be  readily  done  by  varying  (which  is  not  known)  to  fit  the 
observed  [CO]^/[A]q  values  at  long  reaction  times  and  simultaneously  fine-tuning  the 
values  of  which  were  initially  set  as  k^',  to  account  for  the  rising  portions  of 
the  CO  formation  profiles.  The  values  of  k^  obtained  from  the  preceding  section,  k^ 

=  1.2  X  10^^exp(-65,800/RT)  sec~\  and  kjj  by  Glanzer  et  al.^^  with  appropriate 
pressure  dependence  corrections  were  used  without  adjustment.  The  simple  kinetic 
modeling  quickly  led  to  convergence  in  the  values  of  k^  and  k^  because  the 
corrections  for  the  observed  deviations  In  CO  yields  from  those  predicted  by  the 
two-step  scheme  presented  in  the  preceding  section  are  usually  not  very  large  at  low 
temperatures  and  were  found  to  be  quite  small  above  1200  K,  at  which  reaction  (2) 
becomes  very  fast.  Some  of  the  modeled  data  are  shown  in  Figures  5-7,  together  with 
the  results  of  sensitivity  tests  for  k^  and  k^. 

The  values  of  k^  and  k^  derived  from  kinetic  modeling  are  summarized  in  Table  I. 
The  Arrhenius  plot  for  k^  is  presented  in  Fig.  8.  The  least-squares  analysis  of  k^, 
after  minor  corrections  for  pressure  effect  at  high  temperatures,  led  to  the 
following  expression, 

k^  =  10^’***°  ^  exp(-22,100  ±  450/T)  sec"’  (IV) 

The  slightly  lower  values  for  the  A-factor  and  E  ,  in  comparison  with  those  given  in 
eq.  (Ill),  result  essentially  from  the  slightly  Increased  value  of  k^  below  1200  K 


where  the  effect  of  re..ction  (3)  Is  larger. 
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The  values  of  fall  In  the  range  of  (1-10)  x  10^^  cc.mole”^ .sec”^  with  the 
averaged  value  of  (5.5  +  2.0)  x  10'  cc.mole”  .sec  ,  which  seems  reasonable  for  such 
a  combination  reaction.  Further  analysis  of  this  mechanistically  very  interesting 
reaction  is  still  underway. 

Aside  from  reactions  (3)  and  (^)  Included  in  the  above  mechanism,  we  have  also 
tested  the  possible  Influence  of  the  following  reactions  on  CO  formation,  Including 
the  reverse  of  reaction  (2): 

CO  +  C^K^  - >  <^6^5° 

CH^  +  C^H^  ^  CgHg  (5),  (-5) 

CH^  -t-  CO  +  M  CHgCO  +  M  (6),  (-6) 

CH^  +  CH^CO  - >  CHgCOCH^  (7) 

CgHgO  +  CHgCO  - >  CH^COOCgHg  (8) 

These  processes  were,  however,  found  to  have  negligible  effects  on  the  observed  CO 

formation  profiles  over  the  whole  range  of  conditions  employed.  The  rate  constants 

for  reactions  (-2)  and  (-5)  were  estimated  by  the  equilibrium  constants  calculated 
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from  the  known  thermochemistry  of  and  group  additivity  rules  .  They  are 

summarized  in  Table  III  together  with  other  rate  constants  used  in  the  modeling 
calculations . 

DISCUSSION 

The  observed  CO  production  profiles  from  six  different,  highly  diluted  mixtures 
of  anlsole  (0.1  -  0.75  %  in  Ar)  in  the  temperature  range  of  1000  -  1580  K  could  be 
quantitatively  accounted  for  with  the  mechanism  consisting  of  reactions  (l)-(4). 
Reaction  (2)  is  believed  to  be  the  sole  source  of  CO,  It  is  responsible  for  nearly 


all  of  the  phenoxy  radical  disappearance  rates  above  1200  K.  The  observed 
limiting  CO  yields,  were  always  found  to  be  less  than 

the  starting  concentrations  of  anlsole,  CA]q.  This  deficiency  in  CO  mass  baleuice  was 
attributed  to  the  occurrence  of  reaction  (3),  which  has  previously  been  shown  to 
produce  o-  auid  p-cresols,  CH^CgH^OH.  Since  cresols  au'e  thermochemlcally  much  more 
stable  than  both  anlsole  and  the  phenoxy  radical,  their  production  at  lower 
temperatures  (at  which  the  C^H^O  decomposition  reaction  is  comparably  slow) 
effectively  reduces  the  yield  of  CO  as  was  experimentally  observed. 

Kinetic  modeling  of  CO  production  profiles  based  on  the  above  relatively  simple 
scheme  led  to; 

=  10^  ^  exp(-22,100  +  450/T)  sec"^ 

k^  =  (5.5  +  2.0)  X  10^^  cc.mole~^ .sec'^ 

covering  the  temperature  range  of  1000  -  1580  K.  For  the  slight  pressure  effect, 

which  is  more  pronounced  at  the  high  temperature  end,  has  been  corrected  by  means  of 
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the  RRKM  theory  based  on  the  weak  collision  model 

To  corroborate  the  measured  decomposition  rates,  particularly  for  the 

lower  temperature  end  of  this  study  (T  ±  1100  K)  which  is  subject  to  a  slightly 

larger  uncertainty  because  of  the  CH^  +  ^6^5*^  reaction,  we  have  employed  allylphenyl 

ether  as  the  source  of  C^H^O  radicals.  The  much  lower  activation  energy  for  C^H^O 
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production  from  this  source  and  the  lower  reactivity  of  the  allyl  radical  in 
comparison  with  CH^  allow  us  to  extend  the  temperature  down  to  900  K.  The  results 
obtained  from  the  decomposition  of  the  0.366  %  allylphenyl  ether/Ar  mixture  in 
incident  shocks  are  Included  In  Figure  8  for  comparison.  These  data  are  seen  to  be 
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In  full  agreement  with  those  obtained  from  anlsole  decomposition.  It  should  be 

mentioned  that  the  [CO].  /[Aj^  ratios  measured  at  higher  temperatures  were  found 

t  ={io  '  0 

to  be  scattered  around  unity,  suggesting  that  the  recombination  of  CgH^O  with  Is 

comparatively  unimportant.  Further  study  of  this  reaction  system  seems  to  be 
worthwhile,  especially  using  a  heated  shock  tube  (to  alleviate  the  low  vapor -pres sure 
problem  associated  with  the  system). 

The  values  of  summarized  in  Table  II  were  within  the  range  of  (1  -  10)  x  10^^ 
cc.mole”^ .sec"^ .  The  activation  energy  for  the  recombination  process,  CH^  +  C^H^O, 
could  not  be  reliably  determined  due  to  the  scatter  of  the  data.  The  values  of  k^ 
appear  to  be  reasonable  for  this  type  of  process  Involving  the  rather  unreactive 
CgH^O  radical.  Currently,  we  are  in  the  process  of  analyzing  the  mechanism  of  this 
Interesting  reaction  (which  involves  1 , 3-3igmatropic  hydrogen  transfer)  using  the 
formulation  put  forward  by  us  previously  on  the  basis  of  the  RRKM  theory  to  account 
for  the  kinetics  of  high  temperature  processes  that  occur  via  long-lived 
Intermediates^^’^^  The  results  of  this  analysis  will  be  discussed  in  a  separate 
report . 

The  relatively  small  frequency  factor  (2.5  x  10^^  sec  ^)  and  activation  energy 
(44.0  0.9  kcal/mole)  for  the  unimolecular  decomposition  of  the  CgH^O  radical 
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determined  here  is  most  interesting.  Benson  and  coworkers  have  previously  proposed 
two  possible  mechanisms  to  account  for  the  formation  of  CO  and  C^H^; 


Mechanism  A: 
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Mechanism  Bt 


They  favored  mechanism  A  on  the  basis  of  the  estimated  at  1000  K  and  on  other 
thermochemlcal  grounds.  The  apparent  low  A-factor  and  activation  energy  measured  In 
this  study  seem  to  render  a  very  strong  support  for  this  tight-complex  mechanism. 

The  alternate  mechanism  (B)  would  perhaps  require  a  much  larger  activation  energy, 
together  with  a  "normal"  A-factor  of  2  10  *  sec  ,  for  the  ring-opening  process. 

CONCLUSION 

The  kinetics  of  the  unlmolecular  reaction  of  the  CgH^O  radical  has  been 
Investigated  in  a  shock  tube  using  a  stabilized  CO  laser  to  monitor  the  production  of 
CO.  Both  anlsole  and  allylphenyl  ether  were  employed  as  phenoxy  radical  sources. 

The  kinetic  modeling  of  observed  CO  production  profiles  obtained  from  about  70  sets 
of  experiments  covering  1000  -  1580  K  gave  rise  to  the  rate  constants: 

=  10^^*^°  *  exp(-22,100  ±  450/t)  sec"^ 

and 

k^  =  (5.5  +  2.0)  X  10^^  cc. mole” \ sec” ^ 

for  the  unlmolecular  decomposition  of  CgH^O  and  the  reaction  of  CH^  with  CgH^O, 
respectively.  The  relatively  low  values  of  the  A-factor  and  activation  energy  for 
the  CgH^O  decomposition  reaction  favor  the  mechanism  that  involves  a  bicycllc  radical 
Intermediate.  Additionally,  the  modeling  of  CO  yields  in  the  very  early  stage  of 
anlsole  decomposition  at  temperatures  below  1200  K  gave  rise  to  the  following 
approximate  rate  constant  for  the  unlmolecular  decomposition  process: 
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S'  (1.2  +  0.3)  X  1o’^  exp(-33,100/T)  aec'V 


The  rate  constant  determined  hereon  for  this  Important  process  Is  expected  to 
be  useful  for  the  interpretation  of  the  complex  CgHg  combustion  chemistry. 


-*•  -*•  %  _•«  ■  "V  , 
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TABLES 


Table  I.  Experimental  data  and  evaluated  rate  constants  for  reactions  (2) 
euid  ( 3 )  • 


« 

Mixture 

P  (atm) 

T  (K) 

k2 

'  I 

(sec  ) 

*^2 

(sec~^ ) 

*^3 

(cc.mole”* .sec”^ ) 

A 

0.659 

1186 

1.2 

X 

10^ 

1.5 

X 

10^ 

5.0 

X 

10** 

A 

0.636 

1166 

1.5 

X 

10^ 

2. 1 

X 

10^ 

3.0 

X 

10** 

A 

0.609 

1159 

5.1 

X 

10^ 

6.5 

X 

10^ 

t 

o 

X 

10** 

A 

0.582 

1334 

1.6 

X 

lo'* 

1.9 

X 

10** 

7.0 

X 

10** 

A 

0.823 

1192 

1.7 

X 

10^ 

2.5 

X 

10^ 

8.0 

X 

10** 

A 

0.786 

1257 

5.5 

X 

10^ 

6.0 

X 

10^ 

7.0 

X 

10** 

A 

0.782 

1149 

1.4 

X 

10^ 

2.3 

X 

10^ 

1.0 

X 

10*2 

A 

0.799 

1265 

5.5 

X 

10^ 

7.5 

X 

10^ 

4.0 

X 

10** 

A 

0.737 

1318 

1.1 

X 

10^ 

1.4 

X 

10** 

8.0 

X 

10** 

A 

0.784 

1119 

8.9 

X 

10^ 

1.3 

X 

10^ 

4.0 

X 

10** 

A 

0.792 

1216 

3.4 

X 

10^ 

4.5 

X 

10^ 

5.0 

X 

10** 

A 

0.567 

1301 

8.9 

X 

10^ 

1.1 

X 

10** 

8.0 

X 

10** 

A 

0.755 

1400 

3.1 

X 

10** 

3.5 

X 

10** 

7.0 

X 

10** 

A 

0.645 

1 180 

1.8 

X 

10^ 

2.7 

X 

10^ 

6.0 

X 

10** 

A 

0.804 

1177 

1.6 

X 

10^ 

2.3 

X 

103 

9.0 

X 

10** 

A 

0.809 

1155 

1.4 

X 

10^ 

2.0 

X 

10^ 

9.0 

X 

10** 

A 

0.839 

1144 

9.1 

X 

10^ 

1.4 

X 

10^ 

9.0 

X 

10** 

B 

0.658 

1173 

8.8 

X 

10^ 

1.3 

X 

10^ 

3.0 

X 

10** 

B 

0.681 

1085 

3.9 

X 

10^ 

4.5 

X 

10^ 
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Table  I. 

(Cont'd) 

B 

0.749 

1083 

5.5  X 

B 

0.619 

1233 

3.1  X 

B 

0.584 

1345 

1 .8  X 

B 

0.587 

1299 

1.3  X 

B 

0.559 

1391 

3.1  X 

B 

0.491 

1470 

7.0  X 

B 

0.684 

1131 

6.0  X 

B 

0.493 

1586 

1 . 2  X 

B 

0.514 

1361 

3.3  X 

B 

0.639 

1190 

• 

o 

X 

B 

0.658 

1129 

X 

00 

• 

00 

C 

0.631 

1186 

1.4  X 

C 

0.599 

1347 

1.0  X 

C 

0.520 

1430 

4.0  X 

C 

0.655 

1146 

3.4  X 

C 

0.643 

1201 

1.1  X 

C 

0.612 

1234 

2.4  X 

c 

0.595 

1293 

1.1  X 

c 

0.585 

1343 

1.6  X 

c 

0.651 

1 182 

5.9  X 

c 

0.499 

1428 

4.8  X 

D 

0.631 

1153 

6.8  X 

D 

0.819 

1111 

4.5  X 

D 

0.867 

1114 

3.6  X 

10^ 

5.5 

X 

10^ 

2.0 

X 

lO^’ 

10^ 

5.0 

X 

10^ 

6.0 

X 

10^1 

10** 

2.3 

X 

io“ 

6.0 

X 

lo’l 

10** 

1.5 

X 

io“ 

6.0 

X 

io” 

10^ 

3.3 

X 

io“ 

8.0 

X 

10^’ 

10** 

1.0 

X 

10^ 

8.0 

X 

10^’ 

10^ 

8.0 

X 

10^ 

1.0 

X 

10^^ 

10^ 

1.2 

X 

io5 

4.0 

X 

10^’ 

10“ 

3.0 

X 

io“ 

2.0 

X 

10^^ 

10^ 

3.0 

X 

10^ 

8.0 

X 

io’^ 

10^ 

1.0 

X 

103 

10^ 

2.4 

X 

10^ 

7.0 

X 

10^’ 

io“ 

1.2 

X 

io“ 

9.0 

X 

10^’ 

io“ 

4.0 

X 

io“ 

6.0 

X 

io’’ 

10^ 

1.2 

X 

10^ 

8.0 

X 

10^’ 

10^ 

1.6 

X 

10^ 

5.5 

X 

io’^ 

10^ 

3.0 

X 

10^ 

3.0 

X 

10^’ 

io“ 

1.1 

X 

io“ 

3.0 

X 

io’’ 

io“ 

1.7 

X 

io“ 

5.0 

X 

10^^ 

10^ 

1.3 

X 

10^ 

4.0 

X 

10^’ 

io“ 

5.0 

X 

io“ 

4.0 

X 

10^^ 

10^ 

1.4 

X 

10^ 

5.0 

X 

io’^ 

10^ 

1.0 

X 

103 

3.5 

X 

10^^ 

io2 

4.0 

X 

10^ 

1.0 

X 

10^’ 
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(Cont'd) 

D 

0.927 

1096 

1.6  X  10^ 

2.5  X  10^ 

1.0  X  10** 

D 

0.698 

1143 

4.7  X  10^ 

6.0  X  10^ 

4.0  X  10** 

D 

0.727 

1066 

1.4  X  10^ 

3.0  X  10^ 

D 

0.771 

1066 

8.3  X  1o’ 

2.0  X  10^ 

D 

0.672 

1114 

4.0  X  10^ 

3.5  X  10^ 

D 

0.524 

1431 

4.9  X  10** 

6.5  X  10** 

6.0  X  10** 

D 

0.535 

1321 

ii 

1.2  X  10^ 

1.7  X  10** 

6.0  X  10*  * 

D 

0.500 

1423 

4.1  X  10** 

5.5  X  10** 

8.0  X  10** 

D 

0.472 

1431 

6.1  X  10** 

6.5  X  10** 

8.0  X  10** 

D 

0.656 

1157 

5.1  X  10^ 

7.5  X  10^ 

4.0  X  10** 

E 

0.697 

1062 

6.0  X  10* 

1.7  X  10^ 

4.0  X  10** 

E 

0.662 

1 124 

2.4  X  10^ 

5.0  X  10^ 

4.0  X  10** 

E 

0.625 

1138 

4.0  X  10^ 

8.0  X  10^ 

5.0  X  10** 

E 

0.566 

1151 

8.4  X  10^ 

1.6  X  10^ 

6.0  X  10*  * 

E 

0.595 

1268 

3.0  X  10^ 

4.5  X  10^ 

7.0  X  10** 

E 

0.693 

1017 

3.5  X  10* 

1.2  X  10^ 

2.0  X  10** 

E 

0.552 

1311 

5.5  X  10^ 

7.5  X  10^ 

6.5  X  10** 

E 

0.508 

1403 

2.2  X  10 

14 

3.0  X  10 

7.0  X  10** 

F 

0.653 

1162 

5.3  X  10^ 

1.0  X  10^ 

7.0  X  10*’ 

F 

0.726 

1038 

6.9  X  10* 

1.5  X  10^ 

F 

0.745 

1015 

2.8  X  10* 

1.5  X  10^ 

4.0  X  10** 

F 

0.724 

1072 

1.0  X  10^ 

2.3  X  10^ 

4.0  X  10** 

F 

0.692 

1131 

3.3  X  10^ 

5.0  X  10^ 

2.0  X  10** 

F 

0.586 

1217 

2.1  X  10^ 

3.3  X  10^ 

9.0  X  10** 

V  V  V  V 

Page 


Table  II.  Estimated  first  order  rate  constauits  for  anlsole  decomposition. 


Mixture"  P  (atm)  T  (K)  (sec”b  (sec"^)"^ 


B 

0.684 

1131 

2.9  X  10^ 

1.5  X  10^^ 

B 

0.749 

1083 

7.9  X  10^ 

1.5  X  10’^ 

B 

0.681 

1085 

8.3  X  10^ 

1.5  X  10^^ 

C 

0.655 

1146 

4.2  X  10^ 

1.5  X  10^^ 

C 

0.651 

1182 

1.0  X  10^ 

1.5  X  10’^ 

C 

0.631 

1186 

4 

1.1  X  10 

1.5  X  10^^ 

D 

0.672 

1114 

1.2  X  10^ 

9.8  X  10^^ 

D 

0.727 

1066 

3.2  X  10^ 

9.9  X  10^^ 

D 

0.771 

1066 

3.3  X  10^ 

1.0  X  10^^ 

D 

0.698 

1143 

2.6  X  10^ 

1.0  X  10^^ 

D 

0.819 

1111 

1.1  X  10^ 

9.8  X  10^^ 

D 

0.867 

1114 

1.2  X  10^ 

9.8  X  10^^ 

D 

0.927 

1096 

7.6  X  10^ 

1.0  X  10^^ 

D 

0.631 

1154 

3.7  X  10^ 

1.1  X  1o’^ 

E 

0.693 

1017 

1.4  X  10^ 

2.0  X  10’^ 

E 

0.697 

1062 

2.8  X  10^ 

9.8  X  1o’^ 

E 

0.566 

1151 

4.8  X  10^ 

1.5  X  10^^ 

E 

0.662 

1 124 

1.6  X  10^ 

9.9  X  1o’^ 

E 

0.625 

1138 

3.0  X  10^ 

1.3  X  10^^ 

F 

0.745 

1015 

1.2  X  10^ 

1.8  X  10’^ 

F 

0.724 

1072 

3.9  X  10^ 

1.0  X  10^^ 
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Table  III.  Rate  constants  used  In  the  kinetic  modeling  of  CO  production, 

k  =  AT*^exp(-E/RT)  (A  In  cc,  mole,  sec  units  and  E  In  kcal/mole). 


Reaction 


Remarks 


1.2  X  10'" 

0  65.8 

This  work,  see  text. 

2.5  X 

0  44.0 

This  work,  see  text. 

8.6  X  10® 

0  26.9 

Calculated  from  and  . 

(1  -  10)  X  10 

(2  -  5)  X  10^ 
12 

1.0  X  10 

^  ^  0  0 

2 

This  work,  see  text. 

0  0 

0  0 

Ref.  17,  depending  on  pressure 

Assumed. 

4.8  X  lO^'^ 

1.2  X  10^® 

1.9  X  10^^ 

2.4  X  10’^ 

12 

1.0  X  10“^ 

0  58.5 

-2.8  7.6 

-1.7  16.7 

0  0 

0  0 

Calculated  from  k^  and 

c 

c 

c 

Assumed . 
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FIGURES 

Fig.  1.  A  typical  CO  laser  absorpticxi  trace  (T  =  1321  K,  P  =  0.535  atm,  using 
0.524  K  anisole  in  Ar). 

Fig.  2.  Typical  relative  CO  production  profiles. 

Trijuigles;  T  =  1111  K,  P  =  0.819  atm,  0.524  %  anisole  in  Ar. 

Circles;  T  =  1217  K,  P  =  0.586  atm,  0.758  %  anisole  in  Ar. 

Reversed  triangles:  T  =  1311  K,  P  =  0.552  atm,  0.749  i  anisole  in  Ar. 

Fig.  3.  Ln  (1  -  tC0]^/[A]Q)  vs.  t  plots  for  same  sets  of  data  in  Fig.  2. 

Fig.  4.  The  Arrhenius  plot  for  ^2'. 

Fig.  5«  Observed  and  modeled  CO  production  profiles  at  1403  K  for  0.749  % 
amlsole/Ar  mixture  at  P  =  0.508  atm;  circles:  experimental  results, 
solid  line:  modeled  result  using  the  mecheuilsm  Including  reactions 
(1-4),  dashed  lines:  sensitivity  tests  for  (figure  a)  and 
(figure  b) .  The  test  results  clearly  show  that  the  computed  CO  yield 
in  the  rising  portion  of  the  production  profile  depends  much  more 
sensitively  on  the  value  of  k2  than  k^,  whereas  the  CO  yield  in  the 
plateau  region  at  longer  reaction  times  varies  more  strongly  with  k^ 
than  k2.  These  effects  facilitate  the  convergency  of  k2  and  k^ 


immensely. 


Fig.  6.  Observed  and  modeled  CO  production  profiles  at  1268  K  for  0.7'19 

cUilsole/Ar  mixture  at  P  =  0.595  atm;  symbols  are  the  same  as  those 
in  Fig.  5. 

Fig.  7.  Observed  cind  modeled  CO  production  profiles  at  1143  K  for  0.524  % 
anisole/Ar  mixture  at  P  =  0.698  atm;  symbols  are  the  same  as  those 
in  Fig.  5. 

Fig.  8  The  Arrhenius  plot  for  The  Arrhenius  expression, 

k^  =  10^^***°  -  exp(-22,100  +  450/T)  sec"\  was  obtained 

from  the  least-squares  analysis  of  data  from  six  different  mixtures 


of  auilsole  in  Ar. 


1143  K 


— i  —  I _ i  1 

1.0  1.5  2.0 


t/ms 


